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(54) Nichtwassrige Elektrolytldsung und dlese enthaltende elektrochemische Zelle 

(57) Disclosed is a non-aqueous electrolytic solution comprising a specific siloxane derivative of the following chem- 
ical formula 1 or 2, and at least one light metal salt such as an alkali metal salt: 
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Also disclosed is a non-aqueous electrolyte cell comprising the electrolytic solution. The electrolytic solution has good 
chemical and thermochemical stability, and the cell comprising it has high safety, and has good cell capabilrties even 
at high voltage. 
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Description v 

FIELD OF THE INVENTION 

s [0001] Thepresent invention relates to a specific non-aqueous electrolytic solution, and to a non-aqueous electrolyte 
cell comprising it, of which the safety in short-circuit is improved and which exhibits excellent cell capabilities even at 
high voltage. 

BACKGROUND OF THE INVENTION 

10 

[0002] Recently, portable electric appliances such as camera-combined video tape recorders, portable telephones, 
lap-top computers and others have been being much popularized. From the viewpoint of environmental. protection, the 
development of electric cars not discharging exhaust gas of NOx and the like has been being a subject matter for social 
discussion. Given that situation, studies for developing portable electric powers, and also clean energy sources of 
1$ batteries, especially secondary batteries are being made actively. Above all, lithium or lithium ion secondary batteries 
are considered greatly hopeful, as producing higher energy density as compared with conventional aqueous electrolyte 
secondary batteries comprising lead ceils or nickel-cadmium cells. 

[0003] As the electrolytic solution for the lithium or lithium ion cell, widely used is a liquid comprising, as the electrolyte, 
a lithium-based electrolyte salt such as LiPF 6 or the like, as dissolved in a non-aqueous, carbonate-based solvent such 
20 as low-molecular ethylene carbonate, propylene carbonate, diethyl carbonate or the like, since its electric conductivity 
is relatively high and since it is stable for cell potential. 

[0004] Though having high capabilities, the non-aqueous electrolyte cell noted above is problematic in its safety, 
since a combustible organic solvent is used in the electrolytic solution therein. For example, one problem is that, when 
the cell is short-circuited, a large current rapidly passes through it to generate heat, thereby resulting in that the elec- 
ts trolytic solution containing an organic solvent in the cell is vaporized and decomposed to produce gas. Owing to the 
gas generation, the cell will be broken, exploded or ignited. One conventional method for solving this problem comprises 
equipping a safety valve or a current-blocking device capable of opening or acting depending on the increase in the 
inner pressure of the ceil. 

[0005] However, the improvement in the constitutional mechanism could not always apply to any and every problem 
30 with the cell. Therefore, it is necessary to drastically improve the cell material for the purpose of improving the safety 
capabilities of the cell. 

[0006] The present invention has been proposed for the purpose of solving the problem noted above, and one object 
of the invention is to provide a non-aqueous electrolytic solution having excellent chemical and thermochemical stability. 
Another object of the invention is to provide a non-aqueous electrolyte cell having excellent cell capabilities, in which 
3S the electrolytic solution is prevented from being vaporized and decomposed thereby reducing the danger of cell bre- 
akage and ignition that may be caused by gas generation in the cell. 

[0007] In order to attain the objects noted above, we, the present inventors have assiduously studied, and, as a 
result, have found that, when an inorganic polymer siloxane derivative which has high chemical stability and is hardly 
combustible or has a low vapor pressure is used as an electrolyte solvent in a cell, then the electrolytic solution.com- 
40 prising the solvent is prevented from being vaporized and decomposed in the cell, thereby reducing the danger of cell 
breakage and ignition, and that the cell comprising the electrolytic solution has excellent cell capabilities. 

SUMMARY OF THE INVENTION 

45 [0008] Accordingly, the invention provides a non-aqueous electrolytic solution characterized by comprising a siloxane 
derivative of the following chemical formula 5, and at least one alkali metal salt. 
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wherein a represents an integer of from 1 to 50; b represents an integer of from 1 to 20; m represents an integer of ; 
from 0 to 40; n represents an integer of from 0 to 40; R represents a hydrogen atom, or an optionally-substituted alkyl 
group; provided that when b > 1 , a plural number b of D's may be the same or different ones. 
[0009] The siloxane derivative preferably has a coefficient of kinematic viscosity at 25°C of not larger than 5000 cSt, 
and preferably has a mean molecular weight of not larger than 10000. When the coefficient of kinematic viscosity and 
the mean molecular weight of the siloxane derivative are so optimized as above, it is possible to produce a solvent of 
the derivative having a suitable viscosity for good use in the electrolytic solution, and having a suitable solubility for 
good mixability in preparing the electrolytic solution. 

[001 0] As comprising the inorganic polymer siloxane derivative which has high chemical stability and is hardly com- 
bustible or has a low vapor pressure, the non-aqueous electrolytic solution of the invention is prevented from being 
vaporized and decomposed in the cell comprising it, thereby reducing the danger of cell breakage and ignition, and 
the ceil comprising the electrolytic solution has excellent cell capabilities even at high voltage. 
[0011] The invention also provides a non-aqueous electrolyte cell, which comprises a positive electrode of an oxide 
or a sulfide capable of being doped/dedoped with a lithium ion, and a negative electrode of a carbon material capable 
of being doped/dedoped wich a lithium metal, a lithium alloy or an lithium ion. The cell is characterized by comprising 
a non-aqueous electrolytic solution that comprises a siloxane derivative of the following chemical formula 6, and at 
least one lithium metal salt: 
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wherein a represents an integer of from 1 to 50; b represents an integer of from 1 to 20; m represents an integer of 
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from 0 to 40£h represents an integer of from 0 to 40; R represents a hydrogen atom, or an optionally-substituted alkyl 
group; provided that when b > 1 , a plural number b of D's may be the same or different ones. 
[001 2] The siloxane derivative preferably has a coefficient of kinematic viscosity at 25°C of not larger than 5000 cSt, 
and prefera% has a mean molecular weight of not larger than 10000. When the coefficient of kinematic viscosity and 
s the mean m&lecular weight of the siloxane derivative are so optimized as above, it is possible to produce a solvent of 
the derivative having a suitable viscosity for good use in the. electrolytic solution, and having a suitable solubility for 
good mixability in preparing the electrolytic solution. 

[0013] Since the electrolytic solution in the non-aqueous electrolyte cell of the invention comprises the inorganic 
polymer siloxane derivative which has high chemical stability and is hardly combustible or has a low vapor pressure, 
10 it is prevented from being vaporized and decomposed when the cell is short-circuited, thereby reducing the danger of 
cell breakage and ignition, and the cell has excellent cell capabilities even at high voltage. 

[0014] The invention further provides a non-aqueous electrolytic solution, which comprises a siloxane derivative of 
the following chemical formula 7, and at least one light metal salt. 

15 
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wherein a represents an integer of from 1 to 50; m represents an integer of from 0 to 40; n represents an integer of 
as from 0 to 40; R represents a hydrogen atom or an alkyl group; provided that when a > 1 , a plural number a of D's may 
be the same or different ones; and hydrogens in D* and R may be optionally substituted with halogen atoms. 
[0015] The invention still further provides a cell, which comprises a positive electrode, a negative electrode, a sepa- 
rator disposed between the positive electrode and the negative electrode, and a non-aqueous electrolytic solution 
comprising a siloxane derivative of the following chemical formula 8 and at least one light metal salt: 
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5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Fig 1 is a characteristic graph showing the charge-discharge curves in the discharge characteristic test of 

io the non-aqueous electrolyte cell of Example 5 of the invention. 
DETAILED DESCRIPTION OF THE INVENTION 

[0018] The non-aqueous electrolytic solution and the non-aqueous electrolyte cel. comprising ft of the invention are 
Ee derivative of the following chemical formula 9, and at least one alkali metal salt. 
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wherein a represents an integer of from 1 to 50; m represents an integer of from 0 to 40; n represents an integer. of 
20 from 0 to 40; R represents a hydrogen atom or an alkyl group; provided that when a > 1 , a plural number a of D B s may 
be the same or different ones; and hydrogens in D" and R may be optionally substituted with halogen atoms. 
[0021] The siloxane derivatives are linear siloxane derivatives of which the backbone skeleton comprises linear 
silicon-oxygen bonds and has mono-valent organic side chain(s) bonded to the silicon atom(s). These are inorganic 
polymers having high chemical stability and even high thermochemical stability, as being hardly combustible and having 
25 a low vapor pressure. 

[0022] The siloxane derivatives are desired to be liquid having a relatively low viscosity, and are desired to have a 
structure capable of dissolving alkali metal salts. Specifically, the siloxane derivatives are desired to have a coefficient 
of kinematic viscosity at 25°C of not larger than 5000 cSt (centistokes) and have a mean molecular weight of not larger 
than 10000. 

30 [0023] More preferably, the electrolytic solution is desired to have an electric conductivity at 25°C of not smaller than 
0.1 mS-cnrr 1 . 

[0024] The suitable viscosity of the siloxane derivatives for good use in the electrolytic solution and the suitable 
solubility thereof for good mixability in preparing the electrolytic solution maybe realized by suitably selecting the chains 
of D, D 1 and D" and the side chains in D' and D" in the chemical formulae 9 and 10. It is advantageous that the side 
35 chains in D* and D" in the chemical formulae 9 and 10 contain ether bonding. More preferably, a is from 1 to SOrb is 
from 1 to 20, and the sum of a and b is from 1 to 40. Hydrogens in D, D', D" and the substituent R may be substituted 
with halogen elements such as fluorines, bromines, etc. 

[0025] The metal salt to be dissolved in the siloxane derivatives includes light metal salts of lithium, sodium, aluminium 
and the like, and may be suitably determined depending on the type of the cell comprising the non-aqueous electrolytic 
40 solution. 

[0026] For example, for constructing lithium or lithium ion secondary cells, usable are lithium salts such as UBF 4 , 
LiCI0 4 , LiPF 6 , LiAsF 6 , CF 3 S0 3 Li, (CF 3 S0 2 ) 2 NLi, C 4 F 9 S0 3 Li, CF 3 C0 2 Li, (CF 3 C0 2 ) 2 NLi, C 6 F 5 S0 3 Li, C 8 F 17 S0 3 Li, 
(C 2 F 5 S0 2 ) 2 NLi, (C 4 F 9 S0 2 ) (CF 3 S0 2 )NLi, (FS0 2 C 6 F 4 ) (CF 3 S0 2 )NLi, ((CF 3 )2CHOS0 2 ) 2 NLi, (CF 3 S0 2 ) 3 CLi, (C $ F 3 
. (CF 3 ) 2 -3,5) 4 BLi, LiCF 3 , LiAlCI 4 , etc. 

45 [0027] In the non-aqueous electrolytic solution comprising the siloxane derivative and the alkali metal salt noted 
above, the solvent, siloxane derivative has good chemical stability and thermochemical stability. Therefore, even when 
a large current rapidly passes through the electrolytic solution in short-circuit, the solution is prevented from being 
vaporized and decomposed. As a result, the non-aqueous electrolyte cell comprising the non-aqueous electrolytic 
solution is protected from the danger of rapid cell breakage and ignition when it is short-circuited, and its safety is 

50 improved. Even at high voltage, the cell can exhibit excellent cell capabilities. 

[0028] The non-aqueous electrolytic solution noted above is favorable for a non-aqueous electrolyte secondary cell 
comprising a positive electrode of an oxide or a sulfide capable of being doped/dedoped with lithium, and a negative 
electrode of a carbon material capable of being doped/dedoped with a lithium metal, a lithium alloy or an lithium ion. 
[0029] For example, for constructing lithium secondary cells comprising the electrolytic solution, employable as the 

55 positive electrode active material is a lithium-free metal sulfide or oxide, such as TiS 2 , MoS 2 , NbSe 2 , V 2 O s or the like, 
or a lithium-containing lithium composite oxide. 

[0030] Especially for constructing cells having high energy density, preferably used is a lithium composite oxide 
consisting essentially of Li x M0 2 (where M is preferably at least one transition metal, and 0.05 ^ x ^ 1.10). The lithium 
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[0032] As the negate electrode - - «*« ^^^S^irtl maybe prepared at a 

lithium, a lithium alloy such as an Li-AI alloy ^ the hke or i nnm . employable is any of pyrolyzed 

predeterminedtemperatureinapredeterm.nedatn^phe^ 

carbons, cokes (petroleum cokes, pitch cokes etc ^artfeal g^hrtes, " ' fc , materials 
black, etc.). vitreous carbons, fired organtc ^^"^e^uTJ ?££2\ Z> WC). carbon fibers, etc. 
in an inert gas stream atmosphere or ,n ^""^^^^e SE-E derivatives mentioned above 
[0033] As the solvent forthe non-aqueous etoel «*^ known solvent. The other 

may be used singly, or. as the case may be. may be combined ^SfSSSSU methylethyl carbonate, 
sorvent includes, for example, propylene ^ aX ^^^^Z^e, dipropyl carbonate, diethyl 
e^!^ — -—drofuran, 

•tend, and the n.oaiva *eW "22^ dS^IES an alacnolylic tcMlon. Wax- 

Una, a»o»ne derivative which ha. high ahernbal atahiMy and . ^""J"™* J SacSaptBad, 

tended to restrict the scope of the invention. 
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plex expression). The data obtained are showr nr .Table 1 L n was 100 cSt; that of 
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Sample No. 


Siloxane Derivative 


Type of Li Salt 


Weight Mol Concentration 
(m) 


Electric Conductivity. 
(25°C) [mS-cnrr 1 ] 


Sample"! 


Siloxane Derivative (1) 


(CF 3 S0 2 ) 2 NLi 


0.5 


2.20X10" 1 


Sample 2 


Siloxane Derivative (1) 


(CF 3 S0 2 ) 2 NLi 


1.0 j 


2.25 x1Q' 1 i 


Sampled 


Siloxane Derivative (1) 


(CF 3 S0 2 ) 3 CLi 


0.5 


1.20 xia 1 


Sample 4 


Siloxane Derivative (1) 


(CF 3 S0 2 ) 3 CLi 


1.0 


1.26 x10" 1 


Sample 5 


Siloxane Derivative (2) 


(CF 3 S0 2 )2NLi 


0.5 


2.09X10- 2 


Sampled 


Siloxane Derivative (2) 


(CF 3 S0 2 ) 2 NLi 




4.05X10- 2 


Sample 7 


Siloxane Derivative (2) 


(CF 3 S02) 3 CLi 


0.5 


3.64 X 10-2 


Sample 8 


Siloxane Derivative (2) 


(CF 3 S0 2 ) 3 CU 


1.0 


3.80x10-2 


Sample 9 


Siloxane Derivative (3) 


(CF 3 S0 2 ) 2 NLi 


0.5 


4.62x10-2 


Sample 10 


Siloxane Derivative (3) 


(CF 3 S0 2 ) 2 NLi 


1.0 


~ 4.80x10-2 


Sample 11 


Siloxane Derivative (3) 


(CF 3 S0 2 ) 3 CLi 


0.5 


2.75x10-2 


Sample 12 


Siloxane Derivative (3) 


(CF 3 S0 2 ) 3 CLi | 1.0 


2.88x10*2 
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r0O4Ol From the data in Table 1 . it is known that the electric conductivity of the electrolytes »• 
22, dShres of formulae 11 to 13 is satisfactory for use of the derivatives in cells. It ,s also known therefrom 

the s^derSres (1) to (3) each having a different coefficient of 
^Z t^T^Z**™™^ - kinematic viscostty has ahigher elect* conduct^. 

Example 2 

r0041l The cyclic voltamogram of each of the siloxane derivatives (1) and (2) of formulae ^^ZSSm 

was measured to be a stable potential range. As a result, the ox.dat.on stable potential of Sample 2 was 5.8 V, ana 
^Z^^L that the siloxane derivatives exhibft excellent cel. capabilities even at high voltage. 

Example 3 

f00431 Acoincellwasproduced,comprisinga^ 

fiSS^in the followino Examples prepared were four types of a non-aqueous electrolytic solution comprising a * 
ST. 2ZZ^£35^ '-mula 14 and a lithium salt o, (CF 3 S0 2 ) 2 NLi added hereto. The amoun 
5£££u added was varied as in Table 2. Precisely, 0.5 mote, per gram of the s.loxane der.vat.ve, of the salt 
2 Sedin Example 4; 1 .0 mo. in Example 5; 1 .5 mols in Example 6; and 3.0 mols ,n Examp.e 7. 
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Table 2 





Amount of (CF 3 S02) 2 NLi (mol) added to 1 g of siloxane 
derivative 


Electric Conductivity (25°C) (mS/ 
cm) 


Example 4 


0.5 


2.93 x10' 1 


Example 5 


1.0 


4.04 X10" 1 


Example 6 


1.5 


3.39 X10" 1 


Example 7 


3.0 


1.03x10*1 



[0046] The non-aqueous electrolytic solutions of these Examples were subjected to an ion conductivity test. In the 
test, each solution was sandwiched between a pair of stainless plates each having a thickness of 0.145 cm and an 
area of 0.7854 cm 2 , to which was applied a voltage, and its electric conductivity was obtained through so-called Cole- 
Cole plotting for which the sinusoidal current voltage applied is expressed in a symbolic method (complex expression). 
The data obtained are shown in Table 2. The coefficient of kinematic viscosity at 25°C of the siloxane derivative of 
formula 1 4 used in these Examples was 20 cSt. 

[0047] From the data obtained, it is known that the electric conductivity of the non-aqueous electrolytic solutions in 
these Examples is satisfactory for use of the solutions in cells. 

[0048] The non-aqueous electrolytic solution of Example 5 was subjected to an oxidation stability test and a discharge 
characteristic test. In the oxidation stability test, the cyclic voftamogram of the solution was measured to determine the 
oxidation stability of the solution. To measure this, used was a three-electrode electrochemical cell, in which the working 
electrode was a nickel electrode having a diameter of 0.5 mm and the counter electrode and the reference electrode, 
were of a lithium metal. In the cell, the potential before the generation of an oxidation current of 100 uAtem 2 was 
measured to be a stable potential range. As a result, the oxidation stable potential of the solution tested was 4.8 V and 
was satisfactorily high. The test result indicates that the non-aqueous electrolytic solution exhibits excellent cell capa- 
bilities even at high voltage. -\ : 
[0049] In the discharge characteristic test, a coin-type test cell was produced and subjected to the test. The test cell 
comprised a positive electrode of LiCoQ^ and a negative electrode of a carbon material. In the test, 20 charge-di- 
scharge cycles were repeated. For one cycle, the uppermost voltage was 4.2 V the lowermost voltage was 3.0 V, and 
the discharge current was 100 uA The charge-discharge curves obtained in the test are in Fig. 2. From the data in 
Fig. 2, it is known that the charge-discharge characteristic of the cell comprising the non-aqueous electrolytic solution 
is good. The data indicate that cells comprising the non-aqueous electrolytic solution tested herein have good cell 
capabilities. 

[0050] From the test results mentioned above, it is known that the electric conductivity and the charge<!ischarge 
characteristic of the non-aqueous electrolytic solutions in these Examples are both satisfactory, and that the solutions 
are stable even at high voltage. Therefore, cells comprising any of those non-aqueous electrolytic solutions have good 
cell capabilities. 

[0051] As is obvious from the description in the above, the non-aqueous electrolytic solution of the invention com- 
prises a specific siloxane derivative and has good chemical and thermochemical stability. The non-aqueous electrolyte 
cell comprising the electrolytic solution of the invention has high safety, and has good cell capabilities even at high 
voltage. 

[0052] While the invention has been described in detail and with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes and modifications can be made therein without departing 
from the spirit and scope thereof. 
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Claims 



1. A non-aqueous electrolytic solution comprising a siloxane derivative of the following chemical formula 1, and at 
least one alkali metal salt: 



<JH 3 <JH3 

CH 3 — Si — 0 — D,— DV-^i— CH 3 
CHa CH 3 
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15 Da |i — O 

CHs (1) 
(JH3 
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CH 2 -CH 2 -CH2-0-fCH 2 -CH 2 -oW(^H-CH2— O^R 

NCH 3 'n 

wherein a represents an integer of from 1 to 50; b represents an integer of from 1 to 20; m represents an integer 
of from 0 to 40- n represents an integer of from 0 to 40; R represents a hydrogen atom, or an optionally-substituted 
alkyl group; provided that when b > 1 , a plural number b of D's may be the same or different ones. 

30 2. The non-aqueous electrolytic solution as claimed in claim 1 , wherein said siloxane derivative has a coefficient of 
kinematic viscosity at 25"C of not larger than 5000 cSt 

3. The non-aqueous electrolytic solution as claimed in claim 1 . wherein said siloxane derivative has a mean molecular 
weight of not larger than 1 0000. 
35 4. The non-aqueous electrolytic solution as claimed in claim 1, wherein said alkali metal saft is a lithium metal salt 

5. The non-aqueous electrolytic solution as claimed in claim 1, which has an electric conductivity at 25»C of not 
smaller than 0.1 mS-cnrr 1 . 



6. A non-aqueous electrolyte cell comprising a positive electrode of an oxide or a sulfide capable of being doped/ 
dedoped with a lithium ion. a negative electrode of a carbon material capable of being doped/dedoped with a 
lithium metal, a lithium alloy or an lithium ion. and a non-aqueous electrolytic solution, wherein; 

said non-aqueous electrolytic solution comprises a siloxane derivative of the following chemical formula 2, 

I _ A I a IUU!iim rmrsi'^i I It - 



45 and at least one lithium metal salt: 
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wherein a represents an integer of from 1 to 50; b represents an integer of from 1 to 20; m represents an integer 
of from 0 to 40; n represents an integer of from 0 to 40; R represents a hydrogen atom, or an optionally-substituted 
aikyl group; provided that when b > 1 , a plural number b of D's may be the same or different ones. 

7. The non-aqueous electrolyte cell as claimed in claim 6, wherein said siloxane derivative has a coefficient of kine- 
matic viscosity at 25°C of not larger than 5000 cSt . 

8. The non-aqueous electrolyte cell as claimed in claim 6, wherein said siloxane derivative has a mean molecular 
30 weight of not larger than 10000. 

9. The non-aqueous electrolyte cell as claimed in claim 6, wherein said non-aqueous electrolytic solution has an 
electric conductivity at 25°C of not smaller than 0.1 mS-crrr 1 . 

35 10. A non-aqueous electrolytic solution comprising a siloxane derivative of the following chemical formula 3, and at 
least one light metal salt: 

CHa CHa 

40 | | 

CHa— Si— O— d£— Si— CHa 

I I 
CH 3 CH3 



CH3 

I * (3) 

-Si— O— 

I 

CH2 — CHa — CH2 — 0-(- CH? — CHa — 0-3^^- CH — CH2 — O- 



>-3mf-CH-CH2-0-V-R 
\ CH3 / n 



wherein a represents an integer of from 1 to 50; m represents an integer of from 0 to 40; n represents an integer 
55 of from 0 to 40; R represents a hydrogen atom or an alkyl group; provided that when a > 1 , a plural number a of 

D B s may be the same or different ones; and hydrogens in D" and R may be optionally substituted with halogen 
atoms. 
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11. The noi-aqueous electrolytic solution as claimed in claim 10, wherein said siloxane derivative has a coefficient of 
kinematic viscosity at 25°C of not larger than 5000 cSt. 

12. The non-aqueous electrolytic solution as claimed in claim 10, wherein said siloxane derivative has a mean mole- 
s cular weight of not larger than 10000. 

13. The non-aqueous electrolytic solution as claimed in claim 10, wherein said light metal salt is a lithium metal salt. 

14. The non-aqueous electrolytic solution as claimed in claim 10, which has an electric conductivity at 25°C of not 
10 smaller than 0.1 mS/cm. 

15. A cell comprising; 

a positive electrode, 
15 a negative electrode, 

a separator disposed between said positive electrode and negative electrode, and 

a non-aqueous electrolytic solution comprising a siloxane derivative of the following chemical formula 4, and 

at least one light metal salt: 



20 



25 



35 



CHa CHa 

CHa— Si — O— D5— Si — CHa 

I I 
CH3 CH3 



CH3 

Dm— si— o — 

30 | 



CH2 — CH2 — CHz — 0-(-CH2 — CH2 — O-^^-CH — CH2 — O- 

(4) 



>-^CH-CH2-0-W 
\ CH3 / n 



wherein a represents an integer of from 1 to 50; m represents an integer of from 0 to 40; n represents an integer 
of from 0 to 40; R represents a hydrogen atom or an alky! group; provided that when a > 1 , a plural number a of 
40 D"s may be the same or different ones; and hydrogens in D" and R may be optionally substituted with halogen 

atoms. 

16. The cell as claimed in claim 15, wherein the siloxane derivative in said non-aqueous electrolytic solution has a 
coefficient of kinematic viscosity at 25°C of not larger than 5000 cSt. 

45 

17. The cell as claimed in claim 15, wherein the siloxane derivative in said non-aqueous electrolytic solution has a 
mean molecular weight of not larger than 10000. 

18. The'cell as claimed in claim 15, wherein said non-aqueous electrolytic has an electric conductivity at 25°C of not 
so smaller than 0.1 mS/cm. 

1 9. The cell as claimed in claim 1 5, wherein said positive electrode comprises an oxide or a sulfide capable of absorbing 
and desorbing a lithium ion, and said negative electrode comprises a carbon material capable of absorbing and 
desorbing lithium, a lithium alloy or a lithium ion. 

ss 
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o 




VOLTAGE (V) 
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VOLTAGE (V) 
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